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Most patients with nonalcoholic fatty liver disease (NAFLD) are overweight or obese. However, a significant proportion

of patients have a normal body mass index (BMI), denoted as lean NAFLD. The long-term prognosis of lean NAFLD is

unclear. We conducted a cohort study of 646 patients with biopsy-proven NAFLD. Patients were defined as lean

(BMI< 25.0), overweight (BMI 25.0-29.9), or obese (BMI� 30.0) at the time of biopsy. Each case was matched for age,

sex, and municipality to 10 controls. Overall mortality and development of severe liver disease were evaluated using

population-based registers. Cox regression models adjusted for age, sex, type 2 diabetes, and fibrosis stage were used to

examine the long-term risk of mortality and liver-related events in lean and nonlean NAFLD. Lean NAFLD was seen in

19% of patients, while 52% were overweight and 29% were obese. Patients with lean NAFLD were older, had lower trans-

aminases, lower stages of fibrosis, and lower prevalence of nonalcoholic steatohepatitis at baseline compared to patients

with a higher BMI. During a mean follow-up of 19.9 years (range 0.4-40 years) representing 12,631 person years and

compared to patients who were overweight, patients with lean NAFLD had no increased risk for overall mortality (hazard

ratio 1.06; P5 0.73) while an increased risk for development of severe liver disease was found (hazard ratio 2.69; P5

0.007). Conclusion: Although patients with lean NAFLD have lower stages of fibrosis, they are at higher risk for develop-

ment of severe liver disease compared to patients with NAFLD and a higher BMI, independent of available confounders.

(Hepatology Communications 2018;2:48–57)

Introduction

N
onalcoholic fatty liver disease (NAFLD) is
the most common cause of chronic liver dis-
ease worldwide,(1-3) affecting up to 25% of

the global population.(4) There is a strong association
between obesity and NAFLD, and most patients
with NAFLD have a body mass index (BMI) of
�25 kg/m2, which is considered overweight or obese
according to the World Health Organization.(5)

However, a subset of persons with NAFLD has a
BMI below 25 kg/m2, usually denoted as lean
NAFLD.(6) The prevalence of lean NAFLD has

been described in different populations and ranges
from 12% to 20%.(7-12)

Several studies have shown that patients with lean
NAFLD have similar metabolic profiles to patients
with NAFLD and a higher BMI,(9,11,13,14) although a
recent large Italian study found a lower prevalence of
metabolic alterations in lean NAFLD.(15) Compared
to lean controls without NAFLD, subjects with lean
NAFLD have impaired glucose tolerance and a higher
prevalence of the patatin-like phospholipase domain-
containing 3 (PNPLA3) C/G or G/G genotype,(16)

known to be associated with steatosis.(17) However,
studies with histologic data and sufficient follow-up

Abbreviations: BMI, body mass index; CI, confidence interval; HCV, hepatitis C virus; HR, hazard ratio; NAFLD, nonalcoholic fatty liver disease;

NASH, nonalcoholic steatohepatitis; NPR, Patient Register of Hospital Discharges; PNPLA3, patatin-like phospholipase domain-containing 3;
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time are lacking. Thus, the natural history of lean
NAFLD remains unknown. An abstract from 2014(18)

reported a paradoxically increased mortality for lean
patients with NAFLD compared to patients with
higher BMI, but no final report has been published.
The most important risk factors for mortality and mor-
bidity generally in NAFLD include age, type 2 diabe-
tes, and higher stages of fibrosis,(19-21) but it is unclear
if this also applies to patients with lean NAFLD.
The overall aim of this study was to investigate the

long-term prognosis in a large cohort of patients
with biopsy-proven lean NAFLD with a prolonged
follow-up time. Specifically, we studied if overall
mortality and liver-specific morbidity differed com-
pared to patients with a higher BMI and evaluated
which risk factors best predicted future mortality in
lean NAFLD.

Patients and Methods

SUBJECTS

We conducted a retrospective cohort study includ-
ing all patients diagnosed with NAFLD by liver biopsy
at the Karolinska University Hospital, Huddinge, and
Link€oping University Hospital from 1971 to 2009.
The method for the creation of the study cohort and
the main results have been published.(22) Briefly, 646
patients with NAFLD who had undergone liver biopsy
were included. We collected laboratory, clinical, and
histologic data from the time of biopsy. Patients with

other liver diseases or causes for steatosis were
excluded.(22) Presence of nonalcoholic steatohepatitis
(NASH) was defined according to the fatty liver inhi-
bition of progress (FLIP) algorithm(23); the NAFLD
activity score and fibrosis stage were graded according
to Kleiner et al.(24) by one pathologist (R.H.). We
excluded 57 biopsies due to inadequate quality. All
included biopsies had at least seven portal tracts.
Unfortunately, the initial biopsy was missing in 69
cases and could not be scored for necroinflammatory
changes (NAFLD activity score and presence of
NASH). In these 69 cases, however, data on fibrosis
stage were obtained from the initial pathology report.
Weight (in kilograms) and height (in centimeters)

were objectively measured by hospital staff at the time
of biopsy and were used to calculate BMI, expressed as
kg/m2. Type 2 diabetes mellitus (T2DM) was defined
as a registered diagnosis in patient charts, a nonfasting
glucose value �180mg/dL or a fasting glucose value of
�126mg/dL, or having any antidiabetic medication
prescribed. Hypertension was defined as a registered
diagnosis in patient charts, a resting blood pressure
�140/90mm Hg, or having any antihypertensive
medication prescribed. Atherosclerotic cardiovascular
disease was defined as having previous ischemic heart
disease or known angina pectoris, a previous stroke, or
intermittent claudication. Hyperlipidemia was defined
as having any antilipidemic drug prescribed or a fasting
total cholesterol value �240mg/dL. Smoking was
defined as being a current smoker or having smoked
previously.
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Patients were categorized into three groups based on
BMI:< 25.0 (lean), 25.0-29.9 (overweight), and
�30 kg/m2 (obese). A flowchart for patient inclusion
and exclusion is presented in Fig. 1. The regional
ethics committees at Karolinska Institute and Link-
ping University approved this study (Dnr 2011/905-
31/2 and 2015/1591-32).

FOLLOW-UP

The personal identification number is a unique 10-
digit code provided to all inhabitants in Sweden.(25)

The personal identification number was first used to
create a control population derived from Statistics
Sweden, using 10 controls per case (n5 6,345 after
exclusions). Matching was performed for sex, age, and
municipality at the time of biopsy. Patients and
controls (n5 6,991) were then linked to national
population-based registers. We used outcome data
from the National Patient Register of Hospital Dis-
charges (NPR), the Cause of Death Register, and the
Swedish Cancer Register. The validity of hospital dis-
charge diagnoses obtained from the NPR is between
85%-95% depending on diagnosis.(26) The Cause of
Death Register contains data regarding the causes of
death of all inhabitants in Sweden, including if the

person died abroad. It is mandatory for the responsible
physician to report the underlying cause of death (e.g.,
hepatocellular carcinoma) and any disease that could
have contributed to the death of the individual (e.g.,
liver cirrhosis). The Swedish Cancer Register contains
data on verified solid and nonsolid tumors, irrespective
of the diagnostic modality. The completeness of the
register is around 96%.(27)

OUTCOMES

The registries were used to ascertain all causes of
death and all cases of severe liver disease during
follow-up. Severe liver disease was defined as a
diagnosis of decompensated liver disease, liver failure,
hepatocellular carcinoma, or cirrhosis. A list of all
International Classification of Diseases codes used
to define the outcomes is presented in Supporting
Table S1.

STATISTICAL ANALYSIS

Data are expressed as means with SD or as total
numbers with percentages where applicable. The
Kruskal-Wallis test was used to examine differences in
continuous parameters among the three groups, and
the chi-square test was used for categorical data. Cox
regression models were used to estimate hazard ratios
(HRs) for overall mortality and severe liver disease,
respectively. When investigating development of severe
liver disease, cases that died from any other cause were
censored. For the comparison of cases with NAFLD
against controls, the distribution of sex, age, and resi-
dence was balanced due to the matching. Thus, no fur-
ther adjustments were made. Also, data on other
variables were lacking in the control population.
A model that investigated within-group differences

in NAFLD cases was stratified on BMI category and
used patients with BMI 25.0-29.9 kg/m2 as the refer-
ence category. This was because we hypothesized that
patients with BMI �30kg/m2 would be a higher risk
for mortality and severe liver disease and would obtain
false low estimates from the model if these were
included in the reference category. The model was
adjusted using two a priori defined models, the first
being adjusted for age at biopsy, sex, and presence of
T2DM and the second model further adjusted for
fibrosis stage (0–4) at baseline.
Next, we investigated which parameters best pre-

dicted overall mortality in patients with lean NAFLD.
As there were only 19 cases of severe liver disease in

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Study flowchart.
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the lean NAFLD group, we did not specifically inves-
tigate this outcome in the analysis due to low power. A
stepwise-forward approach was used to identify poten-
tial parameters in the lean NAFLD group that were
associated with overall mortality. We included the clin-
ically most relevant parameters to reduce the possibility
of a type 2 error. Parameters with P< 0.1 in univariate
analysis were fitted to a multivariate analysis with over-
all mortality as the independent variable. The end of

follow-up was December 31, 2014, or time of event
(whichever occurred first).
In the sensitivity analysis, we performed a compet-

ing risk regression(28) for the outcome severe liver dis-
ease, using overall mortality other than liver disease as
the competing risk. We excluded cases where hepatitis
C virus (HCV) testing had not been performed during
baseline or follow-up. As development of T2DM
might be different in patients across BMI categories

TABLE 1. DEMOGRAPHIC, CLINICAL, AND HISTOPATHOLOGIC CHARACTERISTICS OF STUDY SUBJECTS
AT BASELINE

Parameter
BMI< 25
(n 5 123)

BMI 25.0-29.9
(n 5 335)

BMI�30.0
(n 5 188) P

NASH (yes, %) 55 (50) 190 (64.6) 138 (79.8) <0.001
NAS (1-8, SD) 3.5 (1.8) 4.3 (1.9) 5.1 (1.9) <0.001
Fibrosis stage 0 (n, %) 39 (31.7) 89 (26.6) 35 (18.6) 0.002
Fibrosis stage 1 (n, %) 57 (46.3) 122 (36.4) 77 (41.0)
Fibrosis stage 2 (n, %) 15 (12.2) 88 (26.3) 46 (24.5)
Fibrosis stage 3 (n, %) 7 (5.7) 25 (7.5) 26 (13.8)
Fibrosis stage 4 (n, %) 5 (4.1) 11 (3.3) 4 (2.1)
Steatosis grade 1 (n, %) 63 (57.3) 122 (41.4) 43 (24.6) <0.001
Steatosis grade 2 (n, %) 22 (20.0) 72 (24.4) 55 (31.4)
Steatosis grade 3 (n, %) 25 (22.7) 101 (24.2) 77 (44.0)
Lobular inflammation 0 (n, %) 11 (10.0) 30 (10.2) 11 (6.3) <0.001
Lobular inflammation 1 (n, %) 64 (58.2) 127 (43.1) 54 (31.0)
Lobular inflammation 2 (n, %) 30 (27.3) 111 (37.6) 79 (45.4)
Lobular inflammation 3 (n, %) 5 (4.6) 27 (9.2) 30 (17.2)
Ballooning 0 (n, %) 55 (50.0) 100 (34.0) 34 (19.7) <0.001
Ballooning 1 (n, %) 34 (30.9) 104 (35.4) 69 (39.9)
Ballooning 2 (n, %) 21 (19.1) 90 (90.6) 70 (40.5)
Portal inflammation 0 (n, %) 65 (59.1) 128 (43.4) 61 (35.1) 0.002
Portal inflammation 1 (n, %) 31 (28.2) 112 (38.0) 83 (47.8)
Portal inflammation 2 (n, %) 14 (12.7) 55 (18.4) 30 (17.2)
Hypertension (yes) (n, %) 34 (27.6) 98 (28.3) 64 (34.0) 0.40
T2DM (yes) (n, %) 7 (5.7) 50 (14.9) 36 (19.2) 0.004
Hyperlipidemia (yes) (n, %) 10 (8.1) 31 (9.3) 16 (8.5) 0.92
Smoking (never) (n, %) 62 (59.6) 166 (55.2) 88 (53.7) 0.53
Smoking (previous) (n, %) 15 (14.4) 66 (21.9) 37 (22.6)
Smoking (current) (n, %) 27 (26.0) 69 (22.9) 39 (23.8)
BMI (kg/m2, SD) 23.1 (2.7) 27.5 (1.4) 33.2 (2.8) <0.001
Sex (male, %) 71 (58) 227 (68) 104 (55) 0.03
Age (years, SD) 51.4 (13.4) 48.7 (13.2) 45.2 (14.1) <0.001
AST (U/L, SD) 44 (25) 48 (31) 58 (41) <0.001
ALT (U/L, SD) 72 (47) 79 (46) 100 (62) <0.001
GGT (U/L, SD) 144 (180) 101 (113) 100 (106) 0.17
ALP (U/L, SD) 98 (59) 87 (37) 93 (52) 0.14
Bilirubin (mg/dL, SD) 0.77 (0.69) 0.69 (0.40) 0.64 (0.29) 0.41
INR (SD) 1.0 (0.1) 1.0 (0.1) 1.0 (0.1) 0.02
Albumin (g/L, SD) 4.1 (0.5) 4.2 (0.4) 4.2 (0.4) 0.47
Creatinine (mg/dL, SD) .97 (0.17) 1.00 (0.19) 0.95 (0.19) 0.003
Hemoglobin (g/dL, SD) 14.6 (1.3) 14.9 (1.2) 14.9 (1.1) 0.03
Platelet count (x109, SD) 251 (86) 245 (71) 248 (69) 0.78
Total cholesterol (mg/dL, SD) 232 (55) 232 (53) 234 (56) 0.99
Triglycerides (mg/dL, SD) 195 (177) 206 (147) 221 (119) 0.002
Fasting glucose (mg/dL, SD) 98 (26) 109 (42) 112 (44) 0.003
Ferritin (mg/L, SD) 180 (166) 239 (269) 269 (252) 0.003

Data are presented per BMI category as mean values with SDs for continuous parameters and as frequencies and percentages for cate-
gorical parameters. Significance was tested with the Kruskal-Wallis test for continuous parameters and with the chi-square test for cat-
egorical parameters. Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GGT, gamma-glutamyl transferase; INR, international normalized ratio; NAS, NAFLD activity score.
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and patients with T2DM are at an increased risk for
severe liver disease, we next modelled incident diabetes
as a time-varying covariate. We then investigated the
baseline characteristics of the cohort stratified on BMI
category and whether or not severe liver disease devel-
oped. Stata 13 (StataCorp LP, College Station, TX)
was used for all analyses.

Results
The cohort included 646 cases and consisted of 402

men (62.2%). Mean age at baseline was 48.2 (SD,
13.7) years, and mean BMI was 28.3 (SD, 4.0) kg/m2.
A total of 123 patients (19.0%) had a BMI< 25.0 and
were classified as lean NAFLD cases. Of these, only 2
had a BMI below 18.5 kg/m2, 1 with F0 and 1 with
F3. Furthermore, 335 (51.9%) were overweight with a
BMI between 25.0 and 29.9, and 188 patients (29.1%)
were obese with a BMI �30.0 kg/m2. Baseline charac-
teristics of the cohort, stratified on BMI category, are
listed in Table 1. Of note, patients with lean NAFLD
were older but had a lower mean fibrosis stage and
lower prevalence of NASH, lower values of aspartate
aminotransferase and alanine aminotransferase, and
similar levels of total cholesterol but lower levels of tri-
glycerides and fasting glucose.

OUTCOMES

The cohort was followed for a mean period of 19.9
years (SD, 8.7; range 0.4-40.0 years), corresponding
to 12,631 person years in NAFLD cases. During
follow-up, a total of 214 cases and 1,903 controls died
(P5 0.10). Liver-related (7.9% in cases versus 1.4%
in controls; P< 0.001) and endocrine-related mortal-
ity, including diabetes (5.1% versus 2.7%; P5 0.02)
were significantly more common in NAFLD cases
than controls. Stratified on fibrosis stage, there was a
total of 47 deaths (29%) in patients with fibrosis stage
0, 71 (28%) in F1, 50 (34%) in F2, 32 (55%) in F3,
and 14 (70%) in F4, compared to 1,903 controls
(30%).
During follow-up, 76 patients (11.8%) and 139 con-

trols (2.2%) developed severe liver disease (P< 0.001).
Patients with lean NAFLD had slightly more events
of severe liver disease during follow-up compared to
cases with BMI 25.0-29.9 (15.5% versus 9.3%;
P5 0.06) but not compared to patients with BMI
�30 (15.5% versus 13.8%; P5 0.69). Stratified on
fibrosis stage, there were 12 cases of severe liver disease
(7%) in patients with fibrosis stage 0, 16 (6%) in F1,
18 (12%) with F2, 15 (26%) with F3, and 15 (75%)
with F4, compared to 139 controls (2%). Outcomes
stratified on BMI category are listed in Table 2.

TABLE 2. EVENTS DURING FOLLOW-UP PER BMI CATEGORY AND IN CONTROLS

Controls BMI<25 BMI 25-29.9 BMI� 30
Parameter n 5 6,345 n 5 123 n 5 335 n 5 168 P

Death, n (%) 1,903 (30.0) 47 (38.2) 105 (31.3) 62 (33.0) 0.19
Time to death, years (SD) 19.9 (8.8) 20.5 (8.8) 19.9 (8.7) 18.2 (8.3) 0.02
Liver-related death, n (%) 70 (1.1) 10 (8.1) 10 (3.0) 8 (4.3) <0.001
Atherosclerotic cardiovascular death, n (%) 748 (11.8) 16 (13.0) 40 (11.9) 23 (12.2) 0.98
Endocrine-related death, n (%) 52 (0.8) 1 (0.8) 4 (1.2) 6 (3.2) 0.008
Development of severe liver disease, n (%) 139 (2.2) 19 (15.5) 31 (9.3) 26 (13.8) <0.001*
Time to first event of severe liver disease, years (SD) 19.9 (8.8) 19.0 (10.0) 19.2 (9.2) 16.9 (8.9) <0.001

P values obtained from chi-square tests.
*P5 0.06 for BMI< 25 versus BMI 25.0-29.9 and P5 0.69 for BMI< 25 versus BMI� 30.

TABLE 3A. HAZARD RATIOS FOR OVERALL
MORTALITY, STRATIFIED PER BMI CATEGORY

AND COMPARED TO CONTROLS MATCHED FOR
AGE, SEX, AND MUNICIPALITY

Hazard Ratios for
Overall Mortality HR 95% CI P

Controls (ref.)
BMI<25 1.04 0.76-1.41 0.82
BMI 25-30 1.23 0.91-1.38 0.28
BMI�30 2.07 1.56-2.74 <0.001

Abbreviation: ref., reference.

TABLE 3B. HAZARD RATIOS FOR DEVELOPMENT
OF SEVERE LIVER DISEASE, STRATIFIED PER BMI

CATEGORY AND COMPARED TO CONTROLS
MATCHED FOR AGE, SEX, AND MUNICIPALITY

Hazard Ratios for Development
of Severe Liver Disease HR 95% CI P

Controls (ref.)
BMI<25 4.42 2.25-8.66 <0.001
BMI 25-30 3.87 2.38-8.30 <0.001
BMI�30 6.01 3.19-11.32 <0.001

Abbreviation: ref., reference.
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REGRESSION ANALYSES

Comparison With Controls

Compared to controls, patients with NAFLD in
general had similar mortality but a higher risk for
severe liver disease and liver-related mortality. Only
patients with obesity were at a greater risk for overall
mortality (HR, 2.07; 95% confidence interval [CI],
1.56-2.74). No excess mortality was seen in patients
with lean NAFLD (HR, 1.04; 95% CI, 0.76-1.41).
All patients with NAFLD were at an increased risk

for development of severe liver disease compared to
their respective controls. These data are presented in
Table 3A,3B and Figs. 2 and 3.

NAFLD Cases

When comparing NAFLD cases and using patients
with BMI 25.0-29.9 as the reference category, patients
with obesity were at a greater risk for overall mortality
(HR, 1.46; P5 0.02) while no excess risk was found
for patients who were lean (HR, 1.06; P5 0.73). An
increased risk for severe liver disease was noted in the
final model for patients with lean NAFLD (HR, 2.69;
P5 0.007), while no increased risk was found for
patients with obesity (HR, 1.11; P5 0.74). These
estimates were only significant in the model that
adjusted for fibrosis stage. These data are presented in
Table 4A,4B.

PREDICTORS OF MORTALITY IN
LEAN NAFLD

In univariate analysis, several parameters were asso-
ciated with overall mortality. In multivariate analysis,
the only parameters that were independently associated
with mortality were advanced fibrosis (stage 3-4: HR,
4.33; 95% CI, 1.60-11.73; P5 0.004), age at baseline
(HR, 1.10; 95% CI, 1.05-1.15; P< 0.001), and
hypertension (HR, 2.25; 95% CI, 1.04-4.86; P5

0.04). HRs for overall mortality in patients with lean
NAFLD are presented in Table 5.

SENSITIVITY ANALYSES

In competing risk regression and compared to
patients with BMI 25.0-29.9 kg/m2, estimates for
patients with lean NAFLD were similar to Cox regres-
sion estimates for development of severe liver disease
(HR, 2.56; 95% CI, 1.28-5.09; P5 0.008).
Hepatitis C testing had been performed at baseline

or during follow-up in 492 cases (76%). Of the 154
cases where HCV had not been actively excluded, only
12 cases had been investigated after 1991. There was
no difference in the number of clinical events regarding
severe liver disease in the HCV-tested group versus the
untested group (11.4% versus 13.0% experienced an
event; P5 0.59). No significant changes in the regres-
sion models were found (data not shown).
Modelling incident diabetes as a time-varying covar-

iate resulted in slightly lower estimates for develop-
ment of severe liver disease (HR, 2.34; 95% CI, 1.17-
4.67; P5 0.02) and overall mortality (HR, 0.99; 95%
CI, 0.65-1.52; P5 0.97) but did not reduce the
significance of the model.
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FIG. 2. Kaplan-Meier survival curve for overall mortality strati-
fied on BMI category.
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FIG. 3. Kaplan-Meier survival curve for development of severe
liver disease stratified on BMI category.
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When stratifying the cohort on BMI category and if
severe liver disease developed or not, in general
patients that developed severe liver disease were older
and had higher stages of fibrosis at baseline but no
major differences in patients with lean and overweight
NAFLD were noted (Supporting Table S2).

Discussion
This is the first published study investigating the

long-term risk of mortality and development of severe
liver disease in biopsy-proven lean NAFLD. Our main
finding was that although patients with lean NAFLD
had a better prognostic profile at baseline with a lower
prevalence of advanced fibrosis and NASH, an
increased risk for development of severe liver disease
during follow-up compared to patients with a higher
BMI was found, after adjustment of important con-
founders, such as age and fibrosis stage at baseline.
No increased risk of overall mortality was noted

compared to controls or to other patients with
NAFLD; however, patients with NAFLD with obe-
sity had a higher risk for overall mortality both com-
pared to their matched controls and to overweight
patients with NAFLD. The parameters that best pre-
dicted overall mortality in lean NAFLD were advanced
fibrosis, age, and hypertension at baseline. This is con-
sistent with other studies of risk factors for mortality in
NAFLD.(19-21)

The presence of intrahepatic fat required for
NAFLD usually occurs in the setting of decreased
physical activity, increased caloric intake relative to
expenditure, and for the most part, excess adipose tis-
sue or fat mass. However, individuals with BMI
defined as normal may have absolute excesses of adi-
pose tissue; these “metabolically obese” individuals
with normal weight (lean) may have a body composi-
tion that favors visceral adiposity, insulin resistance,
and development of NAFLD.
The finding that patients with lean NAFLD are at

an increased risk of severe liver disease despite a lower
prevalence of advanced fibrosis and NASH at baseline
is paradoxical. Logically, this suggests that fibrosis
progression is faster in lean NAFLD than in
patients with NAFLD with a higher BMI. Genetic
variations in PNPLA3, transmembrane 6 superfamily 2
(TM6SF2), membrane-bound O-acyltransferase
domain-containing 7 (MBOAT7), or other genes asso-
ciated with steatosis could possibly explain the associa-
tion between lean NAFLD and the increased risk of
future development of severe liver disease seen in this
study. Differences in dietary patterns and other lifestyle
parameters that possibly affect fibrosis progression
could also be present. Unfortunately, none of these
parameters could be evaluated in the current study.
As this is the first published data on the natural his-

tory in lean NAFLD, no direct comparisons are possi-
ble. An abstract published in 2014(18) that included a

TABLE 4A. HAZARD RATIOS FOR OVERALL MORTALITY

Hazard Ratios for
Overall Mortality

Model 1 Model 2 Model 3

HR 95% CI P HR 95% CI P HR 95% CI P

BMI 25-30 (ref.) (ref.) (ref.)
BMI<25 1.16 0.82-1.64 0.40 1.02 0.71-1.45 0.93 1.06 0.75-1.52 0.73
BMI�30 1.22 0.89-1.68 0.21 1.55 1.12-2.15 0.009 1.46 1.05-2.02 0.02

Hazard rations are stratified per BMI category and use patients with BMI 25.0-29.9 as the reference category. Model 1, unadjusted
estimates; Model 2, adjusted for sex, age, and type 2 diabetes at baseline; Model 3, further adjusted for fibrosis stage as a discrete vari-
able (0–4).
Abbreviation: ref., reference.

TABLE 4B. HAZARD RATIOS FOR DEVELOPMENT OF SEVERE LIVER DISEASE

Hazard Ratios for
Development of
Severe Liver Disease

Model 1 Model 2 Model 3

HR 95% CI P HR 95% CI P HR 95% CI P

BMI 25-30 (ref.) (ref.) (ref.)
BMI<25 1.48 0.75-2.91 0.26 1.68 0.84-3.39 0.14 2.69 1.31-5.50 0.007
BMI�30 1.35 0.72-2.55 0.35 1.52 0.79-2.91 0.21 1.11 0.58-2.13 0.74

Hazard rations are stratified per BMI category and use patients with BMI 25.0-29.9 as the reference category. Model 1, unadjusted
estimates; Model 2, adjusted for sex, age, and type 2 diabetes at baseline; Model 3, further adjusted for fibrosis stage as a discrete vari-
able (0–4).
Abbreviation: ref., reference.
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smaller cohort (n5 483) reported increased mortality
in lean NAFLD despite a healthier metabolic profile
and lower prevalence of advanced fibrosis. Liver-
specific outcomes were not reported. Our cohort was
larger, with a longer duration of follow-up, which is
why our estimates could be more accurate. Previous
studies of lean NAFLD compared to nonlean
NAFLD suggest a similar or slightly better metabolic
profile compared to nonlean NAFLD,(14,16) which was
also noted in this cohort.
The main strength of this study is that all patients

were diagnosed with NAFLD using the gold standard,
i.e., liver biopsy. The cohort is the largest of its kind
(n5 646), and the follow-up time is the longest ever
documented in biopsy-proven NAFLD. This is critical
in allowing for enough time to pass in patients with
minimal disease to develop cirrhosis, as the time
needed for this can be up to 30 years.(29)

Furthermore, due to high-quality population-based
Swedish registers, all outcomes could be ascertained.
The selection of robust outcome criteria, such as
disease-specific mortality or ascites, allowed us to cap-
ture theoretically all cases with severe liver disease.
However, because outpatient visits in specialist care
were only entered into the NPR after 2001, we may

have missed cases with compensated cirrhosis only
seen in outpatient care before this; consequently, our
estimates might be falsely low. Estimates for mortality
are not affected by this.
Limitations of our study include the selection of

patients being made from two university hospitals,
indicating that selection bias could be present. Indeed,
66.4% of patients had NASH, which is higher than in
the general population.(30) The use of liver biopsy was
more common in previous decades, which is reflected
by the number of cases (81.6%) in this study that
underwent biopsy before the year 2000. Although we
did perform a thorough chart review to identify and
exclude cases that either under-reported their alcohol
consumption at baseline or increased their alcohol con-
sumption during follow-up, some cases might not have
reported this to primary care or other caregivers, mean-
ing that there is some possibility of misclassification.
Additionally, apart from register data and patient

charts, we did not obtain detailed individual patient
data, including new histologic and biochemical data, or
development of BMI and whether there had been a
reduction in BMI prior to baseline. Specifically,
patients with lean NAFLD might have increased their
weight during follow-up. Furthermore, we lack data

TABLE 5. PREDICTORS OF OVERALL MORTALITY IN CASES WITH LEAN NAFLD (BMI< 25KG/M2)

Model 1 Model 2

Parameter HR 95% CI P HR 95% CI P

NASH (yes) 1.07 0.57-2.00 0.83
NAS score (1–8) 1.10 0.92-1.30 0.29
Fibrosis stage 0-4* 1.71 1.30-2.25 <0.001
Fibrosis stage 3-4 versus 0-2* 5.19 2.39-11.25 <0.001 4.32 1.60-11.73 0.004
Steatosis grade 1-3 1.01 0.70-1.46 0.96
Lobular inflammation 0-3 2.46 1.48-4.09 0.001 1.51 0.82-2.80 0.18
Ballooning 0-2 1.04 0.69-1.56 0.86
Portal inflammation 0-2 2.45 1.60-3.73 <0.001 1.35 0.80-2.27 0.27
Hypertension (yes) 2.89 1.61-5.20 <0.001 2.25 1.04-4.86 0.04
T2DM (yes) 8.45 2.74-26.03 <0.001 1.32 0.22-7.91 0.77
Hyperlipidemia (yes) 0.56 0.14-2.31 0.42

Smoking (never) (ref)
Smoking (previous) 0.95 0.36-2.51 0.92
Smoking (current) 1.20 0.59-2.43 0.61

BMI (kg/m2) 0.96 0.88-1.05 0.37
Sex (male) 0.36 0.20-0.66 0.001 1.15 0.53-2.52 0.72
Age (years) 1.11 1.08-1.15 <0.001 1.10 1.05-1.15 <0.001
AST (U/L) 1.02 1.00-1.03 0.005 1.00 0.98-1.02 0.75
ALT (U/L) 1.00 0.99-1.01 0.27
Platelet count (x109) 1.00 0.99-1.00 0.17
Total cholesterol (mg/dL) 1.00 0.99-1.01 0.85
Triglycerides (mg/dL) 1.00 1.00-1.00 0.09 1.00 1.00-1.00 0.75
Fasting glucose (mg/dL) 1.02 1.01-1.03 <0.001 1.01 0.99-1.02 0.53
Ferritin (mg/L) 1.00 1.00-1.01 0.27

Model 1, univariate associations; Model 2, multivariate model that included all parameters with P< 0.1 in univariate analysis.
*Fibrosis stage was added to the multivariate model as a categorical parameter (stage 3-4 versus 0-2).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; NAS, NAFLD activity score.
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on parameters of insulin sensitivity other than fasting
glucose, genetic variations (including PNPLA3), and
body composition variables other than BMI. Indeed, it
was recently shown that body composition measures
that reflect visceral adiposity, including waist circum-
ference, are better at predicting severe liver disease
than BMI.(31) Finally, we did not have access to bio-
chemical or histologic data in the control population,
which is why adjustments for confounders other that
sex, age, and municipality could only be performed
within the NAFLD group.
Our results suggest a paradoxical association

between lean NAFLD and the development of future
severe liver disease. Although at first glance lean
NAFLD can seem benign compared to other patients
with NAFLD, this might not be the case. Identifying
factors in lean patients that are associated with fibrosis
progression is of high interest. Additional studies
should be made to corroborate or dispute our findings
in similarly sized cohorts. Moreover, the importance of
body fat distribution as well as genetic variants, such as
PNPLA3 and TM6SF2, in lean NAFLD should be
further explored.
Patients with lean NAFLD have a better histologic

and biochemical profile compared to patients with
NAFLD and a higher BMI. Despite this, patients with
lean NAFLD are at a higher risk of future severe liver
disease. Clinicians should be aware of this, and not
exclude patients with lean NAFLD from follow-up.
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